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ECOLOGY AND THE&~L INACTIVATION OF MICROBES 
IN AND ON INTERPLANETARY SPACE VEHICLE 
CONPONENTS 
PART I - INFLUENCE OF SPORE MOISTURE CONTENT ON Zn 
Introduction 
In the Fourteenth Quarterly Report of Progress the inability 
to demonstrate a difference in zD for Bacillus subtilis var. niger 
spores adjusted to various moisture levels was explained by the 
possibility that epoxy contributes moisture to the spores during 
heating. During this quarter spores were embedded in an emulsion 
of epoxy and various a~ounts of water. The effect on zn by this 
system is discussed in this report. 
Experimental 
Heat destruction of spores in an emulsion of epoxy and water 
.Bacillus subtilis var. niger spores in an aqueous suspension 
(1.0 ml and 0.1 1111 distilled water) were added to 99 grams of 
epoxy resin to give 1.0% and 0.1% moisture/respectively. After 
emulsification, the suspension (1 x 106 spores per gr~ epoxy plas-
tic) was dispensed into 13 x 150 mm tubes previously coated with 
release agent. These tubes were heated at 50°C for two hours for 
polymerization and sealed in an oxy-gas flame. Heat inactivation 
experiments were performed at 110°, 115°, 125°, an9 135°C as de-
scribed in the Eleventh Quarterly Report of Progress. 
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D values for spores in epoxy resin containing 1.0% water 
(Table 1) were obtained at 110°} 115°, and 125°C. From these 
values a ZD Has calculated (Figure 1) to be l4 0 ]Oc which is near 
the r;mge of Het heat conditions. At 0.1% moisture, heating 
temperatures 1;'lere raised to '115° } l2,~0, and 135°C due to increas-
ed spore heat resistance. From D values at these temperatures a 
ZD of 36.lo C was calculated (Figure 2). 
These data support the hypothesis that water located in the 
epoxy resin can influence the moisture content of the encapsulat-
ed spores and significantly alter their heat resistance. For ex-
amp 1e, spores exposed to 1.0% moi~ture in epoxy at 110°C have the 
same heat resistance CD value = 56.4 minutes) as the 0.1% 
moisture level at 135°C (D value = 54.6 minutes). The water-
epoxy emulsion acts as a reservoir of moisture and is available 
to the spores during heating. At 10 0%, enough water is available 
to kill spores by \l7et heat. However, at 0.1% not enough water is 
present for wet heat conditions and the available water can in-
crease dry heat resistance as noted by the unusually large zD 
value of 36.lo Co A possible explanation for the high zD value 
could be due to a difference in the rate of water released from the 
epoxy, as the syst~m heats up to the three test temperatures. As 
in the watered surface system (Twelfth Quarterly Report of progress) 
I 
at 135°C, moisture would be associated with the spores for a 
greater percentage of the total experimental time than at lIS·C. 
-2-
This difference in time which moisture was associated 1;vith the 
spores "("ould yield high D values at l35°C but normal D values at' 
115°C with a consequent flattening of the slope of the zD curve. 
It is highly conceivable from daca presented in this report 
that the epoxy encapsulation technique cannot be used as a closed 
system. In experimentation where spores on glass strips were ad-
justed to various moisture levels and embedded in epoxy plastic, 
water moved from the plastic to the spores and tube headspace and 
sufficiently altered environmental conditions. This explanation 
could be responsible for the inability to demonstrate a differ-
ence in zn for spores adjusted to various water activities. 
projected Research for the Sixteenth Quarter 
During the sixteenth quarter lyophilization will be used to 
completely dry spores in an attempt to demonstrate that as spores 
become extremely dry their zn value ipcreases proportionally. 
PART II - KINETICS OF SPORE INACTIVATION BY DRY HEAT 
Introduction 
The' general goals of this project, together with an outline 
of our plans toward achieving these goals, were given in the last 
quarterly report. The immediate objectives for this quarter were: 
(a) to determine the effect of storage of heated/spores at refrig-
eration temperatures before assay or recovery, (b) to do some pre-
liminary experiments in the comparison of numbers of spores 
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recovereCl as measured by most probable .lUmber (l'IPN) as well as 
conventional plate counting techniques, (c) to determine the 
effect of equilibration time on D value, (d) to establish a sys-
tern for determining D values at l25°e that would give reproduc~, 
ible results, and (e) to obtain basic data on the effect of 
several manipulations inherent in the process of obtaining D 
values on the moisture content of the spores of 10 subtilis val'. 
niger. 
Experimental 
Effect of refrigerated storage on heated spores 
As discussed in our last report, the manipulations required 
for MPN determinations are extensive and the assay requires 
approximate 1y 24 \'lOrking hours to do for each experiment. Since 
performing assays from a heat inactivation determination over a 
series of 2 or 3 days would reduce the, need for overtime, we in-
vestigated the feasibility of storing heated spores in the re-
frigerator prior to assay. Sterile tubes (8 x 50 mm) were inocu-
lated with spores of B. subtilis var. niger and dried for 2 days 
at sooe ih the can-matrix system. After drying, the tubes inc lu.d-
ing the cans and matrixes, were equilibrated for 2 days at 45% RH 
at 2Soe and sealed with a commercial can sealer. 'The cans con-
I 
taining the spores were heated at 12Soe in a silicone oil bath 
and D value determination made by plating the spores eluted from 
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the crushed tubes immediately after sonication and after 3 days 
storage in the eluting medium (peptone water) at 4°C. No signi-
ficant change in counts was observed (Table 2). 
Comparison of spore counts ryy most probable number and by plate 
counting pr.ocedures 
To identify the nature of the latter part of the destruction 
rate curve for B. subtilis var. niger at 125°C, the MPN technique 
was selected because it offers a method for identifying spore 
numbers when the survivor population is very low o preliminary 
experiments were done to identify the usefulness of this procedure 
by comparing results byMPN with those by plate count. Spores were 
placed in 8 x SO mm borosilicate glass tubes (approximately 1 x 106 
I 
per tube), dried for 48 hours at 50°C, equilibrated 48 hours at 45% 
RH, and heated in the can-matrix system at l25°C for varying lengths 
of time. After re ating, each tube was, crushed in 50 ml of peptone 
water, sonicated, and the peptone water diluted and plated for spore 
count. In addition, master two-fold dilutions were made of the pep-
tone water and l-ml portions of each master dilution transferred to 
each of 10 tubes. A series of seven dilutions was used in each 
master series and 10 assay tubes prepared from each dilution for a 
total of 70 assay tubes per original tube heated. All heating de-
terminations ~,?ere done in sextup licate. Tubes were read for growth 
or no growth and MPN values were calculated and compared with 
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platipg counts. Agreement was judged good enough to make the 
~~N technique useful (Table 3). 
Effect of equilibration time on D value 
In the system used for preparation of spores for thermal 
inactivation, it tvould be useful to establish a minimum equili-
bration time \Jith no maximum. This \vould pennit spore prepara-
tion and equilibration of relatively large numbers of spores, 
and experiments could be done by use of the stock of equilibrated 
spores if equilibration time over the minimum ~.,ould have no 
effect on D value. Spores were dried in the usual manner and 
equilibrated either fo!' 2 or for 5 days at 45% RH and D values 
determined. The similarity of D values after equilibration times 
of 2 and 5 dayS (Table 4) led us to conclude that extended equili-
bration times did no~ affect D value. 
Determinations of D value for j!. subti.lis var. ~,~r at 125°C 
As was discussed in the previous report, the can-matrix sys-
tern was developed for D value determinations because it offered a 
convenient mechanism for hemd ling the large number of determina-
, . 
tions required for calculation of survivors using MPH procedures .• 
Before this system could be used to determine survivors toward 
the end of the destruc·tion rate curve, there was a need to demon-
I 
strate that this system could be used to obtain reproducible re~ 
sults as measured by plate counting techniques. This has not been 
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accomplished and our D values have ranged from approximately 20 
to 200 minutes. Hany experiments have been done to try to iden-
tify the cause or causes for the shift in D values from successive 
experiments in ~vhich ,,,e attempted to reproduce these values 0 vIe 
believe that one problem is the result of the moisture in the sys-
tem in that the techniques being used may not be strigent enough 
to guarantee the same runount of moisture in replicate determination. 
To determine ~vhether moisture is the cause of our inability to re-
produce D values and to establish basic data on the effect of 
moisture on D value, extensive work has been started on the iden-
tification of the moisture content of spores before, during and 
after the various manipulations associated with the art of obtain-
ing a D value. 
Hethod of determining spore moisture 
A method for the determination of spore moisture has been de-
veloped around a corrmlercially available instrument manufactured by 
Consolidated Electrodynamics, a subsidiary of Bell and Howell. 
The general layout of the instrument is shown in Figure 3. For 
our purposes it '(vas necessary to modify the oven heater system 
to provide linear temperature programing and to encase!the unit 
containing the sample oven in a ~love box so that the relative 
humidity of the samples could be controlled until the moisture 
determination ~l7as begun. The measurement of moisture in the 
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instrument is based on coulometric principles and is highly 
specific for the detection of water. 
In operation, the sample is placed into sample oven where 
it is heated to drive off th~ 'oJater. The moisture from the heat-
ed sample, picked up by a continuously flowing stream of externally 
dried nitrogen, is carried from the oven into the electrolytic 
cell. The electrolytic cell is an epoxy cartridge containine a 
glass tube through which the carrier gas, moisture, and other 
gases driven off the sample pass. Two parallel platinum wires 
wound in a helix are attached to the tube's inner surface. The 
wall of the tube between the wires is coated evenly with phos-
phorous pentoxide, a strong desiccant, that becomes electrically 
~onductive when w·et. A potential applied to the wires produces 
a measurable electrolysis current \-1hen moisture wets the P20S. 
Electrolysis of the water continuously regenerates the cell, thus 
enabling it to accept new water. A sensing circuit regulates the 
flow of moisture-laden gas to the cell to prevent flooding. The 
electrolysis curr~nt \oJhich is linearly proportional to the mass 
flow of moisture is integrated as a function of time, thus providing 
a measure of total H20 independent of carrier flow rate. The 
instrument as described' is capable of detecting the presence of 
< 0.1 ~g of water. If environmental conditions are ideal, the 
water content of replicate samples can be determined to about 
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± 0.5 ~g water. The biggest source of error is in the weighing 
of samples on an analytical balance. Accuracy of moisture de-
te~iffiinations by analysis of pure compounds having a known water 
concentration such as sodium ·tungstate is better than 99.9%. 
Several concurrent investigations have been undertaken con-
cerning the moisture content of Bacillus subtilis var. niger 
and include: 
(a) The influence of RH on the moisture content of spores 
(b) Rate of moisture uptaken as influenced by temperature and RH 
(c) Characterization of bond strengths of H20 in spores 
(d) Quantitative relationships between spore moisture and the 
rate of thermal destruction 
(e) Supporting moisture determinations for studies on the kinetics 
of thermal deduction of microorganisms 
None of these studies has proceeded sufficiently far, however, to 
present findings at this time • 
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TABLE 1 
Influence of moisture on zn of Bacillus subti1is var. niger 
spores embedded in a water-epoxy resin emulsion systema 
PERCENT HOISTURE IN EPOXY PLASTIC 
1.0% 0.1'70 
-
Db 95% CoI. c R2 D 95% C. I. 
1100 56.4 52.3-6103 0.96 
1150 29.8 26.1-34.7 0.91 195.6 189 0 6-202.8 
125 0 5.6 5.1-6.2 0.93 109.2 93.6-132.0 
135 0 54.6 51.6-58.0 
alnocu1um = 1 x 106 spores per gram epoxy plastic. 
b n values expressed in minutes. 
cC• l • = Confidence Intervals. 
-10-
R2 
0.96 
0.85 
0.98 
TABLE 2 
Effect of storage time in peptone water at 40°C on the 
viable count of heated spores of B. subtilis var. niger 
Viable spore count 
Heating time Immediately 72 hours 
at 125°C after heating after heating 
(min) (per ml) (per m1) 
14.3 490,000 480,000 
14.3 580,000 530,000 
14.3 550,000 530,000 
53.5 40,000 45,000 
53.5 23,000 24,000 
53.5 73,000 74,000 
93.5 1,200 1,100 
93.5 1,100 940 
93.5 2,500 2,400 
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TABLE 3 
Comparison of number of survivors of B. subtilis var. niger 
from heating at l250C as measured by plate count 
and by most probable number technique 
Heatin~ time Survivors (per ml) 
at l25°C Assayed by Assayed by (min) MPN plate count 
-.. ~'.\{ 
6.4 1,100,000 1,200,000 
1,300,000 1,400,000 
1,300,000 1,400,000 
1,400,000 1,400,000 
1,400,000 1,000,000 
33.5 300,000 280,000 
300,000 280,000 
260,000 300,000 
290,vOO 370,000 
250,000 130,000 
63.5 29,000 73,000 
51,000 83,000 
37,000 59,000 
25,000 47,000 
32,000 56,000 
27,000 63,000 
93.5 6,400 4,600 
5, 700 4,800 
2,000 1,300 
4,700 2,500 
2,500 2,400 
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TABLE 4 
Effect of equilibration time at 45% RH on D value 
Equilibration Upper limit LOIver limit 
time (day8) D value (min) (min) 
2 24.4 21.5 28 0 4 
5 26.2 24.9 27.6 
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